Introduction {#sec1_1}
============

One category of amyotrophic lateral sclerosis (ALS) occurring in 7.5--9% of the total incidence of ALS \[[@B1]\] is associated with biological abnormalities including monoclonal gammopathy of unknown significance \[[@B2]\]. Monoclonal protein IgM (immunoglobulin M) with anti-MAG (myelin-associated glycoprotein) antibodies may be associated with a sensory polyneuropathy. The onset is insidious with numbness and paresthesia predominant in the lower limbs with possible symmetrical weakness and wasting in later stages \[[@B3]\]. An electroneuromyogram (EMG) in anti-MAG neuropathy demonstrates a demyelinating or mixed axonal demyelinating pattern \[[@B4]\]. Peripheral sensory neuropathy is not usually recognized as a feature of ALS \[[@B5], [@B6], [@B7]\]. The present exceptional case involving ALS, Waldenström macroglobulinemia and anti-MAG gammopathy presents an opportunity to discuss the potential relations between ALS and anti-MAG antibodies.

Case Report {#sec1_2}
===========

A 71-year-old woman with no relevant past medical history presented with insidious onset of dysarthria and slurred speech. Eight months later she was speechless and had difficulties in swallowing. She developed weakness in the left hand and after 12 months neurological examination demonstrated diffuse asymmetrical wasting and weakness of the upper limbs, with a slight predominance on the right side. These signs were present to a lesser degree in the lower limbs, associated with fasciculations only in the forearms and in the tongue. The reflexes were brisk. She has no paresthesias and no sensory loss was detected on clinical examination. The patient had no cognitive impairment and used writing for daily communication. EMG was in accordance with ALS criteria \[[@B2]\] but there was reduced amplitude of distal sensory nerve action potentials in the upper and lower limbs (**table [1](#T1){ref-type="table"}**). Cerebral and cervical spinal cord MRIs were normal. Serum creatine kinase level was increased: 1,237 U/l (normal: 50--145). Monoclonal serum IgM total protein was found to be high, 5.29 g/l (normal: 0.55--2.10), with normal IgA and IgG proteins. IgM protein demonstrated high anti-MAG activity at 76,200 BTU (normal: \<1,000). Anti-GM2 activity was at a 1/50 level (normal: \<1/100), without anti-GM1 activity. Serum free kappa light chains and urine Bence Jones protein were detected. Cerebrospinal fluid analysis revealed normal cell count and a slight increased protein level at 0.57 g/l (normal: \<0.45). Bone marrow biopsy examination revealed an infiltration by a mixture of small lymphocytes, plasma cells and plasmacytoid lymphocytes of IgM type, suggesting the diagnosis of Waldenström macroglobulinemia. The evolution was marked by asymmetrical global weakness, mainly distal and right-sided, aphagia, and sialorrhea. According to recommendations \[[@B8]\], 4 weeks' treatment with rituximab (375 mg/m^2^/week for a body surface of 1.3 m^2^) and chlorambucil (6 mg/m^2^ for 42 days) was administered without significant effect. After 17 months, physical examination revealed symmetrical upper and lower limb weakness, with no additional sensory complaints. In spite of no sensory clinical outcome, 5 months after the first EMG there was aggravation of sensory signs with severe reduction of amplitude in the upper and lower limbs for all sensory responses. There was electrical aggravation of motor signs (table [1](#T1){ref-type="table"}). The patient died 3 months later from aspiration pneumonia, 20 months after symptom onset. Histological examination revealed the characteristic features of ALS. The lesions consisted of severe loss of anterior horn neuronal cells, with atrophic corticospinal tracts from cervical to lumbar levels and preservation of the posterior columns. Few Bunina bodies were present in the remaining motor neurons. Neuronal loss was observed in the motor nuclei of the brainstem, particularly in the hypoglossal nucleus which contained chromatolytic cells, and to a lesser degree in the vestibular nucleus. Pyramidal tracts of the brainstem were atrophic. The frontal and temporal cortices displayed severe neuronal loss (**fig. [1a](#F1){ref-type="fig"}**). The inferior frontal gyrus displayed significant loss of Betz cells. Rare ubiquitin-positive round or skein-like inclusions were observed in the spinal cord (fig. [1b, c](#F1){ref-type="fig"}) and brainstem, whereas the supratentorial structures were negative, except for the dentate gyrus where rare neuronal intracytoplasmic inclusions could be observed (fig. [1d](#F1){ref-type="fig"}). Immunodetection with antibodies TDP-43 and FUS (fused-in sarcoma) was negative. Neither neuronophagia nor lymphocytic cuffing were observed in the spinal cord, and no lesion suggestive of lymphoma was found. Immunodetection of inflammatory cells using anti-CD3, CD5, CD20, CD68 and CD138 antibodies was entirely negative. Some dorsal roots were examined by electron microscopy. We did observe neither significant decrease in the myelinated fiber density nor widenings of the myelinated lamellae as previously described in anti-MAG neuropathy \[[@B9]\].

Discussion {#sec1_3}
==========

Our case presents neuropathological confirmation of ALS with high anti-MAG activity. Neuropathological features were in accordance with the diagnosis of certain forms of ALS. Ubiquitin inclusions in the dentate gyrus are the marker of ALS with dementia \[[@B10]\], but in our case these inclusions were rare in accordance with the absence of objective cognitive disorder. The EMG examination for sensory nerve conduction can be abnormal, suggesting a coexisting disease, as in our patient \[[@B2]\]. Paraproteinemia was reported in 7.5--9% of ALS cases compared with 1% in the general population \[[@B1]\]. In this category of ALS with paraproteinemia and monoclonal gammopathies, IgM proteins are the more frequent. Anti-GM1 antibodies are found in 90% of cases and anti-MAG antibodies are exceptionally reported \[[@B5], 11, [@B12]\]. Among 5 patients with sporadic ALS and sensory neuropathy of unknown cause, 4 had clinical and 5 electrophysiological sensory signs, and only 1 case had a serum IgM paraprotein, but anti-MAG antibodies were not reported \[[@B7]\]. Our patient\'s bone marrow exam suggested the diagnosis of Waldenström macroglobulinemia. Anti-MAG antibodies were reported in 4% of Waldenström macroglobulinemia cases \[[@B1]\]. High titer of anti-MAG antibodies, as in our case, has been reported in some Waldenström macroglobulinemia cases \[[@B13]\]. The association of anti-MAG antibodies with Waldenström macroglobulinemia and motor neuron disease was only reported in 1 case but with borderline titer \[[@B1]\]. The argument suggesting a neuropathy in the present case is the severe reduction of sensory features on the second EMG, 5 months after the previous one (table [1](#T1){ref-type="table"}). Then, in the present case, we raise questions about the possible associations between neuropathy, ALS and anti-MAG antibodies. Sensory involvement (electrophysiological or polyneuropathy) has been found in 10--20% of ALS cases \[[@B7]\]. Among 88 ALS patients, 22.7% showed abnormalities in sensory nerve conduction parameters in at least 1 nerve \[[@B4]\]. Another study reported 3 cases associating ALS with clinical and EMG chronic inflammatory demyelination polyradiculoneuropathy \[[@B6]\]. Neuropathological examination in one case fulfilled criteria for both diseases. To our knowledge, there is only 1 case fulfilling both criteria for ALS and peripheral sensory anti-MAG neuropathy, but neuropathological examination was not performed \[[@B5]\]. Initial symptoms were distal paresthesias (unlike in our patient) and rapidly progressive weakness in all four limbs. Clinical examination revealed mildly decreased sensation of vibration and reduced sensation of warmth in the legs and hands and only patellar reflexes were found (unlike in our patient). EMG found demyelinated neuropathy with electrical motor signs. The possible discussion about the relations between ALS and anti-MAG antibodies relies on the immune mechanisms reported in some ALS cases. Several pathogenic mechanisms which may contribute to motor neuron injury and lead to death have been identified in ALS \[[@B14]\]. Oxidative stress, genetic factors, glutamatergic toxicity and mitochondrial dysfunction are well known \[[@B14], [@B15]\]. There are also arguments suggesting that cells of the immune system are implicated in the pathogenesis or propagation of ALS. Microglia, which play a major role in inflammatory cascades, have been proven to be activated in spinal ventral horn neurons in ALS \[[@B14]\]. Otherwise, inflammatory markers such as activated macrophages, mast cells and T cells have been reported in spinal cord and brain in ALS \[[@B14]\]. Anti-MAG neuropathy is the consequence of antibodies that react with myelin-associated glycoprotein via a complement-mediated mechanism \[[@B3]\]. The very high titer of anti-MAG antibodies, as in the present case, could have been considered an argument for a causative link, but absence of correlation between anti-MAG titer and severity of neuropathy has been reported \[[@B3]\]. In fact, several arguments suggest there was no relation between neuropathy and the anti-MAG antibodies, because (i) there were no demyelinating neuropathy symptoms, (ii) there was no significant decrease of conduction velocities and (iii) no suggestive neuropathological features. Moreover, 66--75% of anti-MAG neuropathies respond to rituximab therapy after 1 year of treatment \[[@B13]\] but no responses were observed in patients with ALS and sensory involvement \[[@B5], 6, [@B11]\]. Our patient did not respond to rituximab therapy associated with chlorambucil.

In conclusion, our case is original because of the association between ALS, Waldenström macroglobulinemia and high titer of anti-MAG antibodies. Our investigations including neuropathological examination demonstrate that there was no argument for a causative link between anti-MAG antibodies and ALS.
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EMG results

  Nerve                  ML, ms     MA, mV   VCM, m/s                    
  ---------------------- ---------- -------- ---------- -------- ------- -------
  *Motor conduction*                                                     
  Median (L/R) wrist     5.4/10.5   NA       0.8/1.8    NA       39/37   NA
  Ulnar (L/R)                                                            
   Wrist                 4.6/3.3    NA/5     2.9/4.9    NA/1.5   34/47   NA/46
   Forearm               NA/9.2     NA/8.4   NA/1.7     NA/0.9           
  Peroneal (L/R) ankle   NR/9.6     NR/NR    NR/1.3     NR/NR    NR/28   NR/NR
  Tibial (R) ankle       NR         NR       NR         NR       NR      NR

  Nerve                             SA(μV)    VCS (m/s)           
  --------------------------------- --------- ----------- ------- -------
  *Sensory conduction*                                            
  Median (L/R) antidromic           6.1/NA    4.1/2.7     50/NA   52/46
  Ulnar (L) antidromic              2.4       NA          44      NA
  Radial (L) orthodromic            17.2      5.3         61      46
  Musculocutaneous (L) antidromic   NR        NR          NR      NR
  Sural (L/R) antidromic            NA/19.8   5.4/8.7     NA/41   44/41

Normal values: median ML \<3.7, MA \>6, VCM \>48; cubital ML \<3, MA \>6, VCM \>48; tibial ML \<5, MA \>3, VCM; peroneal ML \<5.5, MA \>6, VCM \>42; median SA \>15, VCS \>45; cubital SA \>8, VCS \>45; radial SA \>15, VCS \>45; musculocutaneous SA \>10, VCS \>40; sural SA \>5, VCS \>40.

L = Left; R = right; NR = no response; NA = not recorded; ML = motor latency; MA = motor amplitude; VCM = motor conduction velocity; SA = sensory amplitude; VCS = sensory conduction velocity.

Months of delay past onset (i.e. between first signs of ALS and EMG).

![Histopathology of the cortex (**a**) and the spinal cord (**b--d**). **a** Decreased neuronal density in the frontal cortex, with vanishing lamination and microspongiosis of layers II and III (HE stain; original magnification ×25). **b** Round ubiquitin-positive intracytoplasmic inclusions in the motor neurons of the cervical spinal cord (original magnification ×250). **c** Skein-like ubiquitin inclusions in the perikarya of chromatolytic motor neurons (original magnification ×250). **d** Scarce neuronal ubiquitin-positive, TDP-43-and FUS-negative intracytoplasmic inclusions in the dentate gyrus.](crn0003-0294-f01){#F1}
